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ABSTRACT 



A method of establishing call termination to a mobile station 
of a called subscriber in a hxed wireless communication 
network which can be only allowed to receive call termi- 
nations in one of its HomeZones. The identification and 
location of the MS is ascertained prior to routing a call to the 
switching center serving the MS. The radio link between the 
serving switching center and the MS is maintained and used 
to terminate a call if the MS is determined to be within a 
HomeZone. The present invention eliminates the need lo 
page a MS twice thereby speeding up the call termination. 
The MS provides its location area code and Cell ID to the 
serving/visited mobile switching center to facilitate the SCP 
identifying the MS's location prior to routing the call 
termination to the MS. The HomeZone call may be routed to 
a mobile station voicemail if it is determined to be outside 
its HomeZones, or, terminated to the mobile station but at a 
higher wireless billing rate. 

16 Claims^ 1 Drawing Sheet 
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METHOD OF IDENTIFYING MOBILE 
STATION LOCATION TO ESTABLISH 
HOMEZONE FEATURE 

This applicalioD claims priority under 35 USC § 119 (e) 
(1) of provisional application Ser. No. 60,064,309, filed Nov. 
5, 1997. 

FIELD OF THE INVENTION 

The present invention is generally related to wireless 
communications systems, and more particularly to fixed 
wireless systems provided with HomeZone service whereby 
subscribers are provided communications service, and billed 
accordingly, depending on whether or not a subscriber's 
mobile station (MS) is located within one of its designated 
HomeZones. 

BACKGROUND OF THE INVENIION 

The implementation of wireless communications systems 
throughout the world is growing rapidly. This can be seen by 
the extensive sales and marketing of mobile cellular phone 
service throughout North America as well as the rest of the 
World. Existing and emerging technologies include AMPS, 
TDMA, CDMA, and GSM just to name a few. In these 
systems, a subscriber of an MS is typically billed for calls at 
a rate determined by a plan contracted to by the subscriber 
of the MS, whereby the rate per minute may be based on the 
time of day, the amount of use and the geographical location 
of the MS during a call. 

Another emerging wireless communication system is 
known as a fixed wireless system. In many parts of the world 
including Europe and Asia, subscribers are being provided 
with wireless communication transceivers e.g. mobile sta- 
tions as their primary communication device for use within 
a residence, business and other defined locations. These 
fixed wireless transceivers are specially suitable where wire- 
line services are to date not available, inadequate, or excep- 
tionally expensive to install With the decreasing cost of 
wireless transceivers and supporting infi-astructure, those 
places of the world in need of new or upgraded communi- 
cation systems are finding fixed wireless systems as eco- 
nomically attractive and versatile solutions. 

In fixed wireless commimication systems, a subscriber's 
mobile station is assigned to one or more HomeZones. Each 
HomeZone defines a geographical home area in which the 
wireless mobile station is to receive and originate wireless 
calls at a predetermined low billing rate. While it is primarily 
intended that a subscriber will primarily use its mobile 
station within the HomeZone areas, these mobile stations 
may be transported by a subscriber outside the HomeZone 
calling areas and may be allowed to originate or receive calls 
outside the HomeZone area at another predetermined billing 
rate. 

The HomeZone service allows telecommunications pro- 
viders to define the HomeZone calling areas for their MSs, 
where the tariff for calls originated and terminated in one of 
the HomeZones is different than the regular wireless tariff. 
The HomeZone service is attractive for telecommunications 
providers wanting to offer both fixed wireless and wireless 
services to subscribers over one mobile phone. One of the 
significant costs in providing wireline services is laying 
copper to each subscribers home. HomeZone service elimi- 
nates this cost by using wireless systems which don't require 
the cost of laying copper. The Home2^ne service allows the 
provider to charge subscribers a particular tariff when they 
use their mobile station in one of their HomeZones at their 
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wireline rate, and at another tariff when they use their mobile 
station outside their HomeZones at their wireless rate. The 
wireline rate is usually less expensive than the wireless rate. 
This attractive to consumers because they are charged the 

5 same low rates in their Homezone as they would have been 
charged by a wireline provider but without the hassle of 
multiple phones bills. 

As part of the HomeZone feature, on call termination, the 
location of the mobile station must be determined before the 

10 call is routed to the network access element, such as a 
visitors mobile switching center (VMSC), cunently serving 
the mobile station, so that the network can potentially 
disallow or reroute the termination if the subscriber's mobile 
station is not in one of is HomeZones. There is a need to 

15 provide a method for determining whether a mobile station 
is located in one of its HomeZones, and also a method for 
speeding up the potential termination to the mobile station 
that may follow. 

20 SUMMARY OF THE INVENTION 

The present invention achieves technical advantages as a 
method of establishing call termination to a called mobile 
station in a wireless communication network which can be 

25 only allowed to receive call terminations in one of its 
HomeZones by determining the mobile station's location 
and identity before completing a call teimination to the 
network access element currently serving the mobile station. 
In the preferred embodiment of the present invention, the 

30 method comprises first determining if a call termination 
received by a wireless communication network is a Hom- 
eZone type call. This may be done, for instance, at a gateway 
MSC by identifying prefix digits attached to the call. Upon 
determining that the call termination is a HomeZone type 

35 call, the location of the called mobile station to the cell level 
is first identified in the wireless communication network 
before routing the call termination to a network access 
element currently serving the mobile station. It is then 
determined if the identified location (e.g. serving cell of the 

40 mobile station) is within one of the mobile station's Hom- 
eZones. If the mobile station's location is determined to be 
within one of the mobile station's HomeZones, then the call 
termination is routed to the network access element cur- 
rently serving the mobile station, and the call termination is 

45 completed to the mobOe station by the network access 
element currently serving the mobile station. Preferably, the 
network access element comprises an MSC, but could 
comprise other equivalent network devices. If the mobile 
station is determined to be outside its HomeZones, the call 

50 may be routed by the network to the mobile stations 
voioemail, or to an associated wireless phone number and 
billed accordingly. 

According to the present invention, a mobile station radio 
link is established between the MSC currently serving the 

55 mobile station and the mobile station during the mobile 
station location process, wherein the call termination is 
completed to the mobile station on the same mobile station 
radio link. The radio link is preferably established by 
sending a PSI message from a HLR to the MSC currently 

60 serving the mobile station and paging the mobile station, 
whereby the mobile station then responds to the page with 
a pag^ response to the serving MSC. If the mobile station is 
currently on a call, the location of the MS is known to the 
serving MSC and is returned to the HLR. If a subsequent 

65 termination arrives at the serving MSC, then the call termi- 
nation to the mobile station is completed if the MS is 
configured to receive multiple calls e.g. call waiting, without 
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establishing a new radio link between the MSC serving the HomeZone 22 may be a subscriber's borne and so forth. The 

mobile station and the mobile station. present invention allows the network 10 to potentially 

A PAGE_RESPONSE message which includes the disallow the termination of a call to the MS 18 if the MS is 

mobile station's identity is generated in response to the page "<>« »? °f HomeZones 22. TTie presem invention also 

message by the mobile sution. The identity included in the ^ P»vides a method to pie«asely dctermme the MS s locaUon. 

PAGE_RESPONSE message comprises preferably either " .'^^ T't ""^ • .f"*""*^ 

. , , . , ui e u I J termination to the MS that may follow by using the same 

nLcn T ' K K SL^r^ln /f """o link in the call termination that was used to find the 

(IMS!) or Temporary MobUe Subscriber I*ntity (TMSl). If ^^bile sutions location. 

the response contains the TMSI, the TMSI is used by the „ - .„ . . . , . i- . .1. 

• \Aor^ 4 A ^ ♦u ixAci Tu 1 in By way of illustration, but without limitauon to the 

serving MSC to find the IMSL The page response also 10 • 1 » .u * *ii u j u j c 

' 1 J L i * . * ^ J i_M specific implementation that will soon be descnbed, refer- 

mcludes the mobile station s current Cell ID and the mobile . f . ^ ^ c ^ j .1. a 

^ , 4 1 *• J /F A/^\ -m. ence is made to the network of FIG. 1 and the message flow 

stations current location area code (LAC). The mobile nuuii*».u e j u^- f<r.u 

. ^. , .J ... , ji-.iiirx 11 * u *u *#or-. of FIG. 2 which illustrates the preferred embodiment or the 

station s identity, LAC, and CeU ID are all sent by the MSC . . . j .u tt t c ^ 

*k« «,«k;iz» k«™ present invention to provide the HomeZone feature. The 

serving the mobile station to the home location register . . ♦ n . . j ^ . j • -j ui 

/¥i¥n\ L-1 * *• rn. * » -J -!< present invention IS illustrated and descnbed m considerable 

(HLR) of the mobile station. The mobile stauon s identity, ^ , , . j * j r - 1 . • j 

T Ar* A r> u xr\ . * • .1 • ! detail to providc an understanding of implementation and 

LAC and Cell ID are then sent to a service control pomt r.u . ♦ i. • . i. j . j .i. 

/o/-.m r • 1 * *• *. 1 T-u oi-n use of the present mvention. It IS to be understood that some 

(SCP) of the wireless commumcation network. The SCP c u ■ t . c *u ^ im t. i..-. *j 

determines if the mobile sution is in one of the mobile "^..'^^ "'^"""f f "^f"* ^ ^ubsutu fd 

station's HomeZones. If the SCP determines the mobile °'!'" ^'i^^^'^^'^K network elements lo provide the 

..... f % II T *L oi^n .'^ *L -in mtended function. For instance, the gateway MSC (GMSC) 

station IS m one of its HomeZones, the SCP notifies the 20 u . * ^ -.l .J . ^ \ / 

r *u -1 • *, 1 * 14 can be substimted with other network access elements 

gateway MSC of the wireless communication network to * j j- *u * u i • i *t- 

Complete the call termination to the mobile station. If the f^V^^^^ on the technology .mplemenUng the 

mobile station is deteraiined to be outside its HomeZones, H°°;«Z°°« ^'"r cL ^Tk T'T" r ^ T 

the caU may be routed by the SCP to the mobile station's " GSM network, but can funcUon m other types 

. • * J • 1 u u J i«i of networks as well. 

voicemail, or to an associated wireless phone number and , - ^ 

billed accordinalv reference to FIG. 1, upon a call termmation from the 

^ . ^. u . 1 J u fixed network 12 to GMSC 14, the GMSC 14 deteraiines if 

Tlie present invention achieves technical advantages by ^^^^^ ^ HomeZone type number. Tliis is 

determming the location of the mobile station to the cell ^^^^^^j ^^^^ ^ ascertaining call data e.g. prefix digits 

level before the caU is routed to the servmg MSC, and provided with a call termination from the fixed network 12, 

speeding up the potential call termmation to the mobile ^^^^^^^^ ^^^^^ ^^^^^ ^^^^^^^ ^^^^ ^4 ^^^^ 

station that may toUow. ^^^^^^ g^^p 32 determine if the termination is allowed 

BRIEF DESCRIPTION OF THE DRAWINGS intended MS 18. To determine this, the SCP 32 then 

queries the HLR 30 to find the location of the MS 18, and 

Referring now to FIG. 1, there is illustrated a typical fixed 3^ specifically, to determine if the MS 18 is located in one of 

wireless communication network generally which is well its assigned HomeZones 22. The HLR 30 then queries the 

suited to benefit from the method of the present invention; mSC 16 known by the HLR 30 to be currently servicing the 

MS 18, whereby the serving MSC 16 will page the MS 18. 

FIG. 2 is flow diagram of a method of identifying a mobile The MS 18 responds to the page with a PAGE_RESPONSE 

station location to provide HomeZone service according to 40 message including its exact location including its current 

the present invention. location area code (LAQ and current CeU ID, which is 

nccr-DiTyrroKT r^c ttjc onccconcr^ known by the mobile Station based on broadcast messages 

Dli^CRIPTION OF TOE re ^y the serving cell. It is noted that the serving MSC 16 will 

EMBODIMENT lA^ that the MS is located in, before paging, but 

Referring now to FIG. 1, there is generally shown at 10 a 45 the LAC is not enough information for the SCP to determine 

typical fixed wireless communication network which is if the MS is in one of its HomeZones 22. The PAGE_ 

adapted to provide HomeZone service according to the RESPONSE message also includes the mobile station 

method of the present invention. The network 10 is seen to identify, comprising the mobile station International Mobile 

comprise a fixed network 12 which may comprise a public Subscriber identify (IMSI) or Temporary Mobile Subscriber 

switched telephone network (PSTN), a gateway mobile 50 Identify (TMSI). If the response includes the TMSI, the 

switching center (GMSC) 14 and a subscriber switching TMSI is used by the serving MSC to determine the IMSI. 

center 16 which may be a MSC, serving a wireless mobile The MS 18 wiU provide a page response containing its 

station (MS) 18 via a base switching station (BSS) 20. MS LAC and CeU ID to the serving MSC 16, which information 

18 is seen lo be assigned to one or more HomeZone location is then sent to the HLR 30 by the serving MSC 16 for that 

areas, one HomeZone area generally shown at 22, which 55 MS 18. The HLR 30 then sends the LAC and Cell ED to the 

may be one geographic ceU area served by BSS 20. Asso- SCP 32, which then instructs the GMSC 14 if and how to 

ciated with the servingA^Lsited switching center MSC 16 is route the call to the MS 18. For example, if the SCP 32 

a visitors location register (VLR) 26. A home location determines the MS 18 is in one of its HomeZones 22, the call 

register (HLR) 30 is assigned to handle all of the MS 18 will be terminated to the MS 18. If, however, the MS 18 is 

information, including the address of the MSC currently 60 determined to be outside its HomeZones 22, the call may be 

serving the MS, service capabilities, etc. A service control forwarded to the voicemail associated with MS 18, or, 

point (SCP) 32 interfaces with the GMSC 14 and HLR 30. terminated to an associated wireless phone number, e.g. 

The present invention provides a method to determine if MSISDN number, associated with the MS 18 wherein the 

the MS 18 subscribing to a HomeZone service is in one of subscriber is billed at the wireless rale, which is usually 

its HomeZones 22 before routing a caU termination to the 65 higher than the wireline rale. 

netwodc access element 16 serving the MS, such as MSC 16. After sending the MS LAC and Cell ID location infor- 

One HomeZone 22 may be a subscriber's office, another mation back to the SCP 32 via the HLR 30, it is specifically 
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noted that the serving MSC 16 leaves the radio link (RR) but at the wireless rate. The servicing MSC 16 handles 

connection up in anticipation of a reception of a call teimi- billing of the call. 

nation for that MS 18, A timer at serving MSC 16 having a At step 11, the HLR 30 responds to the GMSC 14 with a 

predetermined stop time e.g. 3 seconds is started at the subscriber MS Roaming Number (MSRN) for the terminal- 
serving MSC 16 once the MS LAC and Cell ID information 5 ing mobile station 18 in the SRI ACK message. The MSRN 

has been sent to the HLR upon receiving the PAGE_ number is generated by the serving MSC 16 and is included 

RESPONSE message from the mobile station 18. If a call in the PRN ACK message per the GSM standard. At step 12, 

termination does not arrive to the serving MSC 16 within the the GMSC 14 then sends an lAM message to the visited 

specified time, the established RR connection is then cleared MSC 16. 

by the serving MSC 16. However, if the call termination lO ^1 step 13, the visited MSC 16 terminates the call as 

does arrive within the predetermined time, the RR connec- normal, except that the Paging is skipped since it has already 

tion estabUshed between MSC 16 and MS 18 when the ^een done earlier in step 5, as long as the timer at MSC 16 

location of the MS was delermmed is then used. Thus, the jj^s not expired. Hie existing radio link established with MS 

MS 18 does not need to be paged again. The present ig in step 5 is used. As a result, the Authentication Request 
mvention achieves technical advantages by providmg a is message is the first message sent, if authentication is 

significant improvement in time and processing over the ^^^^^ ^ ^^^^ ^^^^^^^ 3ft„ jhe lAM message is 

prior art. The call set up time is unproved by not havmg to received from the GMSC 14 

page the MS again, by re-using the RR comiection that was ^ ^ ^ dcscnbcd with reference to 

set up when the locaUon of the MS was first determined. ^ ^ ^ ^^^^^^^ implementation of 

To more fully understand the preferred embodunent for 20 present invention, however, limitation to these specific 

providing the present invention, reference is now made to messages is not to be inferred by the present invention. The 

the preferred message flow diagram in FIG. 2. The steps p^sent invention encompasses identifying if a MS is in one 

illustrated in FIG. 2 correspond to the message number of its HomeZones prior to routing a call termination to the 

illustrated in FIG. 1. Again, this specific implementation is ^^rving switching center for the mobile station, and using an 
preferred, although variations are possible and covered by 25 existing RR connection to eUminate paging a mobile station 

the present mvention. a second time if a call termination is to be established. A 

At step 1, the GMSC 14 is seen to receive an incoming timer is utilized at the switching center serving the MS, upon 

call termination seen as an Initial Address Message (lAM) which the expiration of the timer of the RR connection is 

from the PSTN 12. The GMSC 14 then determines if this released. 

call termination is to be a HomeZone termination. This is 3° Though the invention has been described with respect to 
determined by ascertaining a call data e.g. prefix digits a specific preferred embodiment, many variations and modi- 
provided at the beginning of the call termination which fications will become apparent to those skilled in the art 
identifies the type of call. At step 2, the GMSC 14 initiates upon reading the present application. It is therefore the 
a query message to the SCP 32 by sending an InitDP intention that the appended claims be interpreted as broadly 
message. At step 3, the SCP 32 initiates identifying the possible in view of the prior art to include all such 
location of die mobile station 18 by sending an AnyTimeIn- variations and modifications, 
tegration message (AIT) to the HLR 30. what is claimed is: 

At step 4 the HLR 30 requests the called MS's location 1. A method of establishing a call termination to a called 

from the VLR 26 associated with the serving MSC 16 using mobile station (MS) in a wireless communication network, 

the Provide MS Information (PS I) message. the network including multiple mobile stations, one or more 

At step 5, if the mobile station 18 is not on a call, the of which is capable of receiving HomeZone type calls, the 

visited MSC 16 serving the mobile station 18 pages the mobile stations being locatable within or outside of one or 

mobile station 18 to ascertain its location. At step 6, the more HomeZones, each mobile station being serviceable at 

mobile station 18 responds to this page with a PAGE_ any given time by one of a plurality of network access 

RESPONSE message to the serving MSC 16 containing its elements in the network as determined by the location of 

Location Area Code (LAC) and its Cell ID. In this regard, each mobile station within the network, the method com- 

the present invention uses the PSI message in a novel way prising: 

to trigger the serving MSC 16 to ascertain the MS 18 a) determining if the call termination received by the 

location. The MSC 16 starts the 3 second timer upon receipt wireless communication network is a HomeZone type 

of the PAGE_JiESPONSE message, and leaves the cstab- of call; 

lished radio link to the MS 18 up in anticipation of an b) if the call termination is a HomeZone type of call, 

imminent call termination. identifying the location of the called MS in the wireless 

At step 7, the VLR 26 sends this LAC and Cell ID to the communication network by initiating a radio link 

HLR 30 in a PSI response message. In step 8, the HLR 30 55 between the called MS and the network access element 

forwards the LAC and Cell ID information to the SCP 32 currently serving the called MS; 

using an ATI Response message. c) while maintaining the initiated radio link, determining 

At step 9, based on the specific location information if the identified location of the called MS is within one 

received, the SCP 32 determines if the mobile station 18 is of the called MS's HomeZones, and, 
in one of its Home Zone's 22, or if it is outside the 60 if the MS is determined to be within one of its 

HomeZones 22. HomeZones, routing the call termination to the network 

At step 10, if the SCP 32 determines in step 9 that the access element currently serving the called MS; and 

mobile station 18 is in one of its HomeZones 22, the GMSC d) establishing, via the maintained radio link, the call 

14 sends a Send Routing Info (SRI) message to the HLR 30. termination to the called MS from the network access 

If the SCP 32, however, determines the MS 18 is out of its 65 element currently serving the called MS. 

HomeZones, the call is either terminated to the voicemail of 2. A method as in claim 1, wherein the network access 

the MS 18 at the wireline rate, or terminated to the MS 18 element comprises an MSC. 
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3. A method as in claim 1, wherein the radio link is 
initiated by receipt of a PSI message by the netwdik access 
element currently serving the MS and the consequent paging 
of the MS by the network access element currently serving 
the MS, the MS then responding to being paged by provid- 
ing a page response to the network access element via the 
radio link. 

4. A method as in claim 3, wherein the page response 
includes the MS's identity. 

5. A method as in claim 4, wherein the page response 
comprises either the MS's IMSI or TMSI. 

6. A method as in claim 4, wherein the page response 
includes the MS's Cell ID. 

7. A method as in claim 6 wherein the page response also 
includes the MS's location area code (LACO. 

8. A method as in claim 7, wherein said MS identity, said 
MS LAC and die MS's Cell ID are sent by the network 
access element currently serving the MS to a Home Location 
Register (HLR) of the MS. 

9. A method as in claim 8, wherein said MS identity, LAC, 
and Cell ID are sent to a Service Control Point (SCP) of the 
wireless communication network; wherein the SCP deter- 
mines in step c) if the MS is in one of the MS's HomeZones; 
and, wherein, if the SCP determines the MS is in one of the 
MS's HomeZones, the SCP notifies a Gateway MSG of the 
wireless communications network to complete the call ter- 
mination to the MS. 

10. A method as in claim 9, wherein in step d) the call 
termination is completed to the MS on the same radio link 
estabhshed by paging the MS. 

11. A method as in claim 1, wherein, if said MS is 
currently on a call, the network access element currently 
serving the MS completes the call termination to the MS if 
the MS is configured to receive multiple calls without 
estabhshing a new radio link between the network access 
element currently serving the MS and the MS. 

12. A method as in claim 1 which, if in step c) the MS 
location is determined to be outside its HomeZone, includes 
the further step of routing the call termination to a voioemail 
of the MS. 

13. A method as in claim 1 which, if in step c) the MS 
location is determined to be outside its Home2joney includes 
the further step of routing the call to the MS at a billing rate 
different firom the billing rate applicable when the MS is in 
one of its HomeZones. 



14. A method as in claim 1, wherein the radio link 
between the called MS and the network access element is 
maintained for a predetermined time after the location of the 
called MS is determined, following the passage of which 
time the radio link is broken uiHess step (Q is effected prior 
thereto. 

15. In a wireless communication network, apparatus for 
establishing a call termination to a called one of a plurality 
of mobile station (MS) in the network, one or more of the 
MS's being capable of receiving HomeZone type calls, the 
MS's being locatable within or outside of one or more 
HomeZones, each MS being serviceable at any given time 
by one of a plurahty of network access elements in the 
network as determined by the location of each MS within the 
network, the apparatus comprising: 

(a) means for determining if a call termination received by 
the network is a HomeZone type of call; 

(b) means responsive to a call termination being a Hom- 
eZone type of call for identifying the location of the 
called MS in the network by initiating a radio link 
between the called MS and the network access element 
currently serving the called MS; 

(c) means for maintaining the initiated radio link and for 

(i) determining if the identified location of the called 
MS is within one of the called MS' a HomeZones, 
and, 

(ii) in response to the MS being determined to be within 
one of its HomeZones, routing the call termination to 
the network access element currently serving the 
called MS; and 

(d) means for establishing, via the maintained radio link, 
the call termination to the called MS from the network 
access element currently serving the called MS. 

16. Apparatus as in claim 15, wherein the maintaining 
means maintains the radio link between the called MS and 
the network access element for a predetermined time after 
the location of the called MS is identified, and which further 

40 comprises 

means following the passage of the predetermined time 
for breaking the radio link unless the call termination 
has been established. 
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